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CONSERVATION AND SOLAR GUIDELINES*

J. Duglas Balcm’b
Los Alamos National Laboratory
Los Alamos, NM 14exlco87545

ABSTRACT

Guidelines are given for selcctlng R-values
and infiltration levels, and determining the
size of the solar collection area for passive
solar buildings. The guidelines are based on
btslancingthe lncrefnentalcost/benefit of
conservation and passive solar strategies.
Tables are given for 90 cities in the US and
the results are also displayed on ISVJpS.An
example is included.

1. INTRODUCTION

Duringthe last fed years, a conclusion has
been expressed repeatedly: gocd passive
solar design involves a balance of conserva-
tion and solar gains, and the proper balance
depends on the clinuJte. This conclusion ts
lndependelltlyreached by cost/benefit studies
using c?mputer nndels and by prtctitloners
designfng and bulldlng across the country.
By consurvatlon we Man Llded insulation WId
decre~sed tfr infiltration to reduce the
gross heat!ng energy required to imintiin
winwr comfort. By passive soldr we mean
adding south windows, Trtie walls, or sun-
spaces to supply some of this gross haat.
The net heat requiredby the building Is the
gross heat minus the solar savings. Conser-
vat~on makas the passive solar %y$tun’s job
easier; likmdise, passive solar reduces the
need for auxiliary heat well below levels
attainable by Conservation alOne. Good ther-
mdl desitincon-ists of achieving a proper
balance of these two strategies.

The purpose of this paper IS ta present a
qucntltative but slmpla set of guidelines for
balancing conservation and solar that tikes
proper a“ .nt of the solar and weather char-
acteristics of each locatfon. The guidelines
are not a substitute for therml evaluation
lawr in the design process, but do provide a
reasonable starting point for scnwlattc de-
sign. They trn applicabl~ W residential

buildings and SIM1l commercial buildings
having resideptidl levels of internal gains
(30-60 Bw/ft~ per day).

The Wo guidelines will be presented ffrst;
an explanation of their dev?lopnent follows.

2. GUIDELINE 1. CONSERVATION LEVELS

Reconanendedlevels of insulation ana buflding
airtightness can be computed based on e con-
servation factor (CF). Two suggested le=s

F corresponding to twc different pro-
~ecte~ fu?l costs, are gfven in Table I for
90 cities. Unless conditions lndicati other-
wise, use the CF tialuescorresponding co high
fuel cost as a starting point,

Use the following fmulas to compute
guidance valuas for insulation and air-
tightness levels.

■

■

■

■

■

■

● CF
H s CF
13 ● CF
16 9 CF
1,7 “CF
U.42/CF

-5
-8

Based on quidance resulting from these
fornwlas, select practical, buildabla conser-
vation levels as a starting point for the
desi n, trying for the nDst part to stiy

fwith n 20t of the guidance. For windows
choose the closest fnteger value.

~~=fierrornwi un~r the dusplces of the US Ch!partmentof Energy, Office of Solar Heat
T~chnologles.



TA8LE I: 6UIDFIIZ VMLES OF CONSERVATION FACTOR, LOAD COLLECT~ RATIO. AND SOLAR SAVINGS FRACTION
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added M the outside of foundation walls or
~e slab perimter. Normally this is
rigid insulation Installed bela grati
against foundation walls dobm to the footing
or 2 feet wide under the sleb. For a floor
built oier a crawl space, use either the
floor insulation R-value for the frame floor
or the perimeter insulation vald? Outsiti the
sWn wall down to the fmtings.

‘basemnt refers tAJa heated basenmt and
Is the R-value of the insulation Outsid? the
exterior basement walls extending 4 feet
b?l~ gram. Use 1/2 this R-value frc+n 4
feet helm grade down b the top of the
basement-wall footings. Use this same
strategy for fully barred walls.

NE ~ N refers to the number of wfntiw glaz-
ln~s’to be used on east, west, and nor&h win-
dows. H@ever, If ttIisnumber exceeds 3,
consider using .ither double glazing c~lned
with nmvable insulation or using a lou-

i!
ccmductfon glaz ng with U-value less than
0.3 Btu/h oF ft .

ACH refers to the effective air changes per
hour resulting from naturtl infiltration and
forced ventllatlon; it Is tho sum of the
natural inflltratfm and tie non-heat-
recovered portion of the forced ventilation.
If a heat recovery unit Is used for forced
ventilation, the non-heat-recovered portion
is equal to

( heat recovery
1 - effectiveness

)

. ACHforced .
facWr

If the guidanct value is less tnan ACH ■ 0.5
air changesper hour, f, ~d v~ntflationfs
reconsnended using a Mat ecovery unit b
malntafn adequaw Indoor-air qu~lity. For
conmrcial applications nr situations with
unusually high sources of l~door-air pollu-
ticm, hlghcr ventilation levels my be
r~quired.

3. GUIDELINE 2. PASSIVE SOLAR WAZING AREA

Th@ primary solar pararmtcrof tncbuildinu
is thp load collector ratio, LCR. This Is
defined as follows:

NLC
LCR=— ,

Ap

Whert NLC is the n~t load coef’iclant, oxclud-
Ing 10SSCS through tht solar wall (Btu/oF
day), and A is th~ pr Jcct@d area of the

~ ~ Se~Ref’or2solar wall laling, ft .
for a nmre compleh mffnftion of thos~
tgrms, (NLC it the tanw as LILCin I@f. 2.]

Ilecunsnendedvalues of LCR arti#lvwn In Table
1; hwevtr, to use thuso values, an ●stiwta

of PLC mst so~hti be obtained. NLC depends
on the conservationlevel●chieved. If the
reco~ndatlons of Guidellne 1 have been fol-
lowed, MLC can be computed approxlwtely as
follows:

GF . Af
NLC=— ,

CF

where GF ts a geon’etryfactor that accounts
for the relative dlwnsions of the buildlng
and Af is the gross floor area. Suggested
values of GF are gfven in Table II.

TABLE 11

IXIXTRY FACTOR, &r

Nunber of Stories
F1001’
Area 1 ? 3 4

1000 7.3
1500 6.5 6.7
3000 b.4 5.4 5.7
5000 4.9 4.7 4,9 5.1
10000 4,3 4.0 4,0 4.2
20000 3,9 3.5 3.5 3.5

The projected area, Ap, can now be deter-
mined ilsfollows:

NLC
Ap.— ,

LCq

As a starting point for dasign, the combined
proj@cted area of all passiie system types
should be within 20% of this value. The
racomnendatlon is fndepondent of the choice
6f pasalvo sysnm type or types.

4. BACk-UP HEAT.— —

At this point, a very rough estfmti O( an-
nual auxiliary heat, Qaux, can be obkained
fran VI rtlation

Wiorc PO s the dagrw days for the locat{on
and SSF f! the solar savings fraction.

SSF valuci will depend on bystam type.
Values of iSf for reference desi n SSOIO a

! flaz-somiencloscd sunspace wfth SOo s uped
irng(ste Ref. 1 or 2) ara ~iven in Tab e 1.
For other pa~slve lyst8m types, rtfer to tt,e
LCIItables ~n Appendix F nf Ref. 2,



5. EXANPLE

DeWmine con erwatlon and solar guidelines
ifor a 1500 ft house In MWY, COIOrdO.

Table I values, using high fuel cost, are

CF . 1.52
LCR ■ ’19 a;d
SSF ● 0.7~ .

Therefore, guidance values are as follows:

Rec~ded
Range

%all ■ 14 x1.52-21 17 tn 25
%eillng w22xl.52~33 27 W 40
‘perimeter ● 13xl.52 -5=15 12 W 18
‘basenent ■ 16 X 1.52 - 8 u 16 13 t& 19

● 1.7x1.52-2.6 29r3
!&i”’N ■ 0.42/1.52 ■ 0.28 0.22 too.34

For a 1500 ft2, single-story building,

GF .6.5, fr~Table II .

Therefore, if the conservation guidance is
followed,

NLC ■ 6.5 x 1500/1.52 ■ 6410 Btu/oF day .

Ap ■ b41cJ/19“ 340 ftz .

For Oenver, the degree daYs (base 65°F) are
6018. Therefore,

Qaul(■ 6018 x 6410 X (1 - 0.76) “ 9.2
million 6tu/year .

All these estimates, of cwrse, are subject
w updating as the design proceeds. However,
they do gfve valuable guidMCe for beginning
the design.

6. MAPS

Maps of CF, LCR, ml SSF (for a sernlenclosed
sunspace) based on valtie~at 219
tre given in Figs. 1-3.

7. BASIS FOR THE GU1OELINES

T#ble 1 has been davelo~ed based

locations

on balancing
the fncrementtl cost/benefit of conservation
and solar strategies 4s outlined in Rots. 2
and 3. Etch case in Table I represents an
economfc life-cycle cost optlmun for each
cfty for identical assumed fuel costs and
financial parawters. Thus the table shins
hcu the optimummlx varies with clim~u.

To ubtain sfmple guidelines, assumed values
hav~ been used for the incremental cost of
passive solar aperture, conwrvatlon improve-
ments, the cost of heat, the escalation rata
of the cost of heat, and tha fixed charue
rati. Note, hwever, thit the guidelines

depend on cost ratios and, thus, wI1l not
change with lnflatfon If all costs escalate
proportionally. The “high fuel cost” column
In Table I is intended to represent the cost
of electrfc resistance heat in much of the US
[about6.5#/kHh fn 1983 dollars); the “low
fuel cost” colum is based on one-half of the
high fuel cost.

The formula for NLC is based on the premise
that conservation levels will be set based on
the conservation guidelines. If different
conservation “levelsare used, A should be

?based on a rea?istic estimu o NLC and the
reconrnendedvalue of LCR.

The guidelines are based on heating-season
performance only. Nevertheless, sunsnercool-
ing should also be a nbsjorconcern to the
designer, especially in the hotter areas of
the nation. The first strategy should always
be a good defense. This consists primarily
of avoidfng solar dins in the sumner through

!effective window p acetmentand shading.
Deciduous trees are particularly effective to
the east and west of the building but should
not be uspd in the south 1200 sector.
Various passive cooling strategies can also
be used. Mst importantly, care should be
taken ta insure that tht passive hehting sys-
tem does not exacerbate the cooling load.
Full shading may be wamanted in some areas;
several studies have indicated that unless
this is done, diffuse solar gains alone will
significantly add m the cooling 10ad. Pre-
liminary results from studies by McFarland
and Jone$ at Los Alamns indicati that Trombe
walls and watir walls result in the least
cooling “load, SUnspaces are neXt (depending
on glazing Slope), and direct gain usually
results ‘Inthe grea~st cooling loaii. Sloped
glazing !,houldprobably be avoided (or well
shaded in the summer) on $unspaces in the
warnmst [lima&s. East and west sunspaco
glazing !,houldbe mlnimizad in all locations,
and adeq~ate sunmr venting capability shoul{J
be groviued.

8. COST ASSUMPTIONS

As shrew in Ref. 3, a global optimum it
achieved when D “ a/h,

where IJ● d(SSF)/d(l/LCR),
(derivative of SSF
with respect to l/LCR),

a ■ increnmntal co t uf the pt!sivo systenl,
idollars per ft of projdrttd @rea,

h ■ CM ● FF “ DD/FCR,

CH . current cost of heat delivered w the
building, $/Btu,

FF . levelization facto~ ($ee R@f, 4),
dimensionless, and

FCM ■ f~xed char~e rate (see Ref. 4), yr-l.
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Fig. 1, Gufdeline values of
the conservation factor (CF),

Fig. 2. Guideline values of
the load collector rat”lc(LCR),

Fig. J. Solar savtngs frac-
tions fur the yuldellne values
of LCR for a $elill~nc~os~dsun-
space with 50° sloped laz~ng

!(reference aesign SSD1 .



SSF was determined using the solar load ratio
method.

A ccsnpletidevelopment of the equation for
GF, the geometry factor, cannot be given here
beca~se of space limitations. It follows
frcm the equations In Ref. 3.

Table I was developed by specifying passive
sys~m up? SSD1 and then finding values of
LCR such that the following values of Dwould
result:

high fuel cost D . ~,l)oo/DD
low fuel cost D = 60,000/DD

Because D ■ ‘/h - (a . FCR)/(CH . FF . DD),
this implles the following ratios:

high fuel cost [; . FCR)/(CH ● FF) ■ 30,000,
low fuel cost . FCR)/(Cli. FF) = 60,000.

Values for CF, LCR, and SSF in Table I cor-
respond to any values of a, FCR, CH, and FF
that satfsfy these conditions. One particu-
lar set of values fs as follows:

a ■ $lo/ft2
FCR ■ 0.1 yr-l
CH ■ $22.22/l#iBtu(nigh heat cost)
CH . $11.11/~tu (low fieatcost)
m . 1.5

Obviously many other choices could have been
made that would satisfy the equation for O.

The following incremental conservatlcm costs
were used:

wall insulation 0.05 $/R-ftz
celling insulation 0.03 $/k-ft2
perimeter insulation 0.25 $/R-lineal ft
basement insulation 0.10 $/R-lineal ft
E,U,N windows 4.00 $/glazln
lr,filtrationreduction 0.0312 $/HAC-ft!

where HAC ■ l/ACH represents the hwrs per
alr change.

9. COWIENTS REGARDING PASSIVE SYSTEM

—.

The rationale for choosfng the seminnclosed
sur,spacesystim, SSD1, for developing Table I
1s based on observing th? nature of the re-
sults. The LCR values that are obtafned for
the high fuel cost cahe are reasonably close

to the overheating limit In US cities where
wintir overheating might be a problem, dnd
are close to buildable limits in cold, sunny
climates. They lie between results obtafned
for other systems. Thus, the criteria used
In developing Table I are reasonably com-
patible with other crlterld that might have
been used instead.

The double glazed, semlenclosetisunspace sys-
tem SS01 is a good performe, throughout US
climates without requiring night insulation
(althwgh performance Is considerably im-
proved with night insulation). Uhereas we
desired b avoid requiring night insulation
in developing a Jeneral guideline, night
Insulation {or a selectitiesurface cm a water

wall or T,-ombewall) may well be advisable in
cold climates.

10. BASE TEMPERATURE C~CULATION

The base tempe~ature used for calculating
degree days needed to develop Table 1 was
adjusted over a range of approxirmtely
55-670F to account for internal heat
generation. The in rnal heat rate assumed

?is +7 Btu/day per ft of house, as might be
associated with a residential application,
and the thernmstat setpolnt assumed is 700F,
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